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Abstract 
India is a fast developing country; however the scarcity of electricity limits its progress to a greater extent. Apart from the
increasing t*he generation capacity, it is also necessary to conserve electricity by every possible means. From the literature it is 
observed that no much contribution has been made by the researchers in the area of harmonic measurements. The presence of 
harmonics not only hampers the power quality but also consumes power which is not accounted for. The present paper deals with 
harmonic study pertaining to industries using non-linear loads. Several industries have been visited to collect the appropriate data 
using power analyzer. An innovative real time harmonic measurement using ADE 7880 has been proposed. The analysis of  the 
harmonics present in the system has been carried out using software. Zigbee and GSM technology has been developed to 
communicate the data from consumer end to server and smart phone. 
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1. Introduction 
The ever increasing growth in industrial sector has introduced heavy non-linear loading in distribution system. 
The productions of harmonics in the system adversely affect the performance and consume energy8. The judicious 
analysis, accurate measurement and limiting harmonics in power distribution network is necessary3. The city of Pune 
in the state of Maharashtra, in India, is famous as IT hub and there are many industries like auto, steel etc. A 
systematic approach was made in collecting the data in different industries. More than 50 industries were visited. 
Nomenclature 
AMR Automatic Meter Reading 
GUI  Graphical User Interface 
GSM Global System for Mobile communication 
PCC Point of Common Coupling 
THD Total Harmonic Distortion 
CPU Central Processing Unit 
RAM Random Access  Memory 
2. Field Visits 
The field visits were made in order to collect the total and individual harmonics present on voltage and current 
side. The measurements were made with advanced harmonic analyzer "Yokogawa", model CW 240. IEEE standard 
519-1992 has been accepted for comparison of results , since there is no specific Indian  standards. The results 
obtained are alarming3 and need immediate attention. Table 1 depicts the results of field visits and are self 
explanatory. 
3. Proposed System 
The power analyzer though gives accurate measurements, it is very costly. The existing energy-meter measures 
fundamental energy for billing. It is found necessary that there is a need to design and develop a meter which can 
carry out the major functions of power analyzer accurately and measure total harmonic power7,13 . The device must 
be able to measure the data at consumer end and communicate the same. Such a device has been developed and 
communication is done by using Zigbee at local level and GSM at global level10,11. The block diagram of proposed 
meter is shown in Fig.1. 
Fig.1 Block diagram of Smart meter 
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Table 1.Harmonic measurements at different sites. 
Sr. 
No
Visited
Site 
no.
Contract 
Demand 
Connected 
Load 
CT ratio PT Ratio % Voltage Harmonic 
Distortion  
%  Current Harmonic 
Distortion 
      R Y B R Y B 
1 Site No. 1 15000 45000 100A/1A 220KV/110V 0.44 0.47 0.67 7.67 8.79 8.79 0.44 
2 Site No.2 15000 45000 100A/1A 220KV/110V 0.39 0.61 0.67 9.12 9.13 9.13 0.39 
3 Site No. 3 2500 4000 50A/1A 33KV/110V 0.97 1.07 1.09 4.21 4.51 4.51 0.97 
4 Site No.4 2460 3570 3570 KW 50A/5A 2.13 1.72 2.16 16.23 18.79 18.79 2.13 
5 Site No. 5 1150 1600 1600 KW 50A/5A 1.10 1.32 1.31 11.21 16.54 16.54 1.10 
6 Site No.6 4800 14500 14500 KW 150A/5A 0.47 0.57 0.56 5.3 8.6 8.6 0.47 
7 Site No. 7 4900 14500 14500 KW 150A/5A 0.43 0.47 0.41 8.62 7.49 7.49 0.43 
8 Site No.8 2600 6500 6500 KW 100A/5A 0.52 0.52 0.61 4.50 5.05 5.05 0.52 
9 Site No. 9 1300 3250 3250 KW 75A/5A 0.96 0.96 1.06 8.59 5.77 5.77 0.96 
10 Site No.10 16000 29944 29944 KW 100A/1A 0.95 0.85 0.90 7.38 5.71 5.71 0.95 
11 Site No. 11 16000 29944 29944 KW 100A/1A 1.25 1.09 1.04 10.09 8.25 8.25 1.25 
12 Site No.12 2000 5787 5787 KW 50A/5A 0.80 0.82 0.63 13.50 15.57 15.57 0.80 
13 Site No. 13 2500 400 400 KW 50A/5A 0.57 0.57 0.45 2.21 1.82 1.82 0.57 
14 Site No.14 2000 6800 6800 KW 50A/5A 1.00 1.01 1.06 2.73 3.31 3.31 1.00 
15 Site No. 15 6340 9341 9341 KW 150A/5A 1.35 1.42 1.55 10.10 18.29 18.29 1.35 
16 Site No.16 6340 9341 9341 KW 150A/5A 1.037 1.64 1.71 17.81 17.79 17.79 1.037 
17 Site No. 17 2400 7000 7000 KW 100A/5A 0.5 0.35 0.63 8.04 9.96 9.96 0.5 
18 Site No.18 2000 3000 3000 KW 50A/5A 0.8 0.77 0.69 8.43 10.02 10.02 0.8 
19 Site No. 19 7750 12100 12100 KW 150A/5A 1.99 2.07 2.04 17.06 17.04 17.04 1.99 
20 Site No.20 7750 12100 12100 KW 150A/5A 0.98 1.13 1.01 20.04 20.64 20.64 0.98 
21 Site No. 21 2250 2790 2790 KW 75A/5A 0.9 0.84 0.87 31.10 27.70 27.70 0.9 
22 Site No.22 1335 2260 2260 KW 50A/5A 0.81 0.77 0.78 3.29 2.90 2.90 0.81 
23 Site No. 23 1400 1800 1800 KW 50A/5A 0.77 0.72 0.76 23.84 21.98 21.98 0.77 
24 Site No.24 1050 1733 1733 KW 50A/5A 1.67 1.67 1.64 14.71 14.88 14.88 1.67 
4. Development of Smart meter 
A smart meter has been designed and developed. The validation of the developed hardware and software was 
carried out . The results are found to be satisfactory. 
4.1. Hardware 
A hardware is developed for measurement of harmonics and communicating it with the central server and smart 
phone. Fig.2 shows the actual photograph of developed hardware for harmonic measurement. Fig.3 and Fig.4 
depicts the block diagram of communication hardware circuit and its actual photograph respectively. 
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Fig.2 Hardware developed for harmonic measurement 
Fig.3: Wireless communication with Zigbee 
Fig: 4 System hardware with Transmitter and Receiver Sections 
Data is collected with the Zigbee module and then it is transferred to Zigbee receiver and further to central computer 
using GSM communication1,6,12. Automatic Meter Reading is a process in which meter data is read and processed 
automatically via special equipment using wireless communication and computer network technology2,9,5. Compared 
with the existing meter reading, it effectively saves human resources and can get real-time consumption of every 
user, helping the management. The communication data rate is set 9.6 kbps and the frequency band is 2.4 GHz. The 
AMR system is divided into two sections i.e. transmitter section and receiver section4. Fig.4 shows actual 
photograph of developed hardware for AMR system. A single phase Passive filter is developed .The observations 
are taken in the laboratory with and without filter for each phase  
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4.2. Software 
A GUI is developed to analyze the measured harmonics.Fig.5, Fig.6 and Fig.7 shows the reports generated by the 
software coding. 
Fig.5 Report for EM parameters 
Fig.6 Report for harmonic analysis 
Fig.7 Report of Individual harmonics  
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6. Conclusions 
The study presented above leads to following conclusions 
1. The developed meter , though cheaper than the power analyzer , measures the quantities accurately. 
2. The meter is portable and versatile and can measure the quantities pertaining to any order harmonics. 
3.The communication system is effective in transferring data quickly. 
The meter thus , is of great importance to the utility for inspection purpose. 
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